Volume 21

Issue 1

Article 5

January 2009

The Possibility of Acceleration in Orthodontic Tooth Movement
Yu-Jia Liou
Department of Orthodontic and Craniofacial Dentistry, Chang Gung Memorial Hospital, Taipei, Taiwan

Ellen Wen-Ching Ko
Department of Orthodontic and Craniofacial Dentistry, Chang Gung Memorial Hospital, Taipei, Taiwan

Eric Jein-Wein Liou
Department of Orthodontic and Craniofacial Dentistry, Chang Gung Memorial Hospital, Taipei, Taiwan

Betty Chien-Jung Pai
Department of Orthodontic and Craniofacial Dentistry, Chang Gung Memorial Hospital, Taipei, Taiwan

Follow this and additional works at: https://www.tjo.org.tw/tjo
Part of the Orthodontics and Orthodontology Commons

Recommended Citation
Liou, Yu-Jia; Ko, Ellen Wen-Ching; Liou, Eric Jein-Wein; and Pai, Betty Chien-Jung (2009) "The Possibility of
Acceleration in Orthodontic Tooth Movement," Taiwanese Journal of Orthodontics: Vol. 21: Iss. 1, Article
5.
DOI: 10.30036/TJO.200903.0006
Available at: https://www.tjo.org.tw/tjo/vol21/iss1/5

This Review Article is brought to you for free and open access by Taiwanese Journal of Orthodontics. It has been
accepted for inclusion in Taiwanese Journal of Orthodontics by an authorized editor of Taiwanese Journal of
Orthodontics.

The Possibility of Acceleration in Orthodontic Tooth Movement
Abstract
In recent times, orthodontic treatment has attained significant interest and momentum. It has become
more acceptable and admirable as a prime modality of treatment that not only enhances the facial
esthetics but also can improve the function of the orofacial structures, than ever before. However, the
layperson perceives it to be a treatment modality which consumes drastically longer period of time.
Recent research pertaining to faster orthodontic tooth movement has dwelled in to this overwhelming
area of reduced and more efficient treatment time. This review article specifically deals with such
modalities of treatment which could elicit shorter treatment period than the conventional ways.
Implementation of procedures like corticotomy, hormones, steroids, distraction osteogenesis, growth
factors, magnetic field, RAP and others are discussed in this article along with the future trends related to
the aforementioned field.
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REVIEW ARTICLE

The Possibility of Acceleration in
Orthodontic Tooth Movement
Yu-Jia Liou, Ellen Wen-Ching Ko, Eric Jein-Wein Liou, Betty Chien-Jung Pai

Department of Orthodontic and Craniofacial Dentistry, Chang Gung Memorial Hospital, Taipei, Taiwan.

In recent times, orthodontic treatment has attained significant interest and momentum. It has become
more acceptable and admirable as a prime modality of treatment that not only enhances the facial esthetics
but also can improve the function of the orofacial structures, than ever before. However, the layperson
perceives it to be a treatment modality which consumes drastically longer period of time. Recent research
pertaining to faster orthodontic tooth movement has dwelled in to this overwhelming area of reduced and more
efficient treatment time. This review article specifically deals with such modalities of treatment which could
elicit shorter treatment period than the conventional ways. Implementation of procedures like corticotomy,
hormones, steroids, distraction osteogenesis, growth factors, magnetic field, RAP and others are discussed
in this article along with the future trends related to the aforementioned field. (J. Taiwan Assoc. Orthod.

21(1): 37-44, 2009)
Key words: orthodontic, acceleration

INTRODUCTION
Conventional means of orthodontic treatment could
bring about efficient end results but as far as treatment
duration is concerned it may range as long as eighteen
to twenty four months. The prime reason for layperson
not to opt for orthodontic treatment is the painstakingly
prolonged period of treatment time. In recent times,
researches and clinical trials both on human beings
and animals have made unique advances pertaining to

efficient as well as faster tooth movement. To the authors
notice very less literature is evident which provides a
comprehensive review of this subject, hence we felt it as
deemed essential to provide the information regarding the
same through this article.
It is long established fact that tooth movement with
optimal orthodontic force occurs at a rate of 1 to 1.5 mm
over a duration of 4-5 weeks1. Considering this equation,
the case of maximum anchorage requiring first premolar
extraction in conventional orthodontic mechanics may
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take 1.5-2 years2. Although, the proposition is based on
sound biological reasoning and fundamentals but what
bothers or is the prime concern of the patient especially an
adult is the duration of time required to spend on the
treatment. This duration of orthodontic treatment is one of
the issues patients complain about most, in particular adult
patients who have got prior commitments with time.
The orthodontic tooth movement is the result of
resorption and apposition secondary to mechanical force
in the alveolar ridge. When a force is applied to a tooth,
alveolar bone formation and resorption occur
predominantly on tension and pressure sides of the root,
respectively, and the tooth moves with an increased
alveolar bone remodeling.

3

During a typical orthodontic tooth movement
plethora of individual factors come in to play. These
factors can be broadly divided into physical and
biological. Some of the prime physical attributes are
bracket slot dimension, wire (dimension, metal
characteristics), mechanics implemented(friction or
frictionless), amount of play between wire and bracket
slot, force applied (duration, intensity, frequency) and the
biological factors are type of teeth( incisor, canine,
premolar, molar), crown to root ratio, root to bone ratio,
number of roots, turnover rate in the periodontal ligament,
susceptibility of the individual, saliva (flow, quality,
quantity), bone turnover rate4-6 and so on. It is not just the
force that is applied on the tooth that plays the role during
tooth movement, but also the aforementioned factors play
their individual role. The maximum rate of biological
tooth movement has been found to be similar with
different amounts of force, hence force may not be the
individual factor that affect the rate of tooth movement.7
Researchers and clinicians in the past have been actively
involved in the best alteration of these factors in order to
fasten the orthodontic tooth movement at least by few
months, if not drastically. Some of the recent techniques
and treatment modalities are enumerated in this article
regarding the same.

38

REGIONAL ACCELERATED PHENOMENON
Various attempts have been made to shorten the
treatment period. Frost found out that surgical healing
occurred by the reorganizing activity and had the ability
to accelerate bone turnover at the surgical site. He called
this“Regional Accelerated Phenomenon (RAP)”.8,9 This
phenomenon is nothing but localized soft and hard tissue
remodeling to make the surgical site return to its normal/
original state.10 RAP in humans begins typically occurs
after a few days of surgery (orthoganthic, periodontal or
orthodontic extraction), typically peaks at 1 to 2 months,
and may persist for six or more months and subside
around 24 months from the time of surgery. The initial
phase of RAP is due to an increase in cortical bone
porosity because of increased osteoclastic activity. This
increase in tooth mobility is taken as an advantage and
has been used as contributing factor to increase the rate of
the tooth movement after periodontal surgery.10

CORTICOTOMY-FACILITATED
ORTHODONTICS
Corticotomy on labial and palatal plate on alveolar
ridge around teeth was introduced by Kole in 1959.11 It
was thought that teeth moved faster because the resistance
of movement was reduced by a surgical procedure.
Thomas and William Wilcko developed another technique
named the Wilckodontics system or Accelerated
Osteogenic Orthodontics (AOO).12 It is similar to a singletooth coricotomy like Kole's method except that it
encompasses coricotomies on all teeth to be moved
orthodontically. The procedure begins with fixed
orthodontic treatment, followed by a full thickness ﬂap on
buccal and lingual surface. A bone-resorbable graft is
placed over the surgical site, and the flap is closed. The
bone resorbable graft has ridge augmentation effect to
increase ridge volume. After the surgical procedure,
orthodontic adjustments are made weekly to take
J. Taiwan Assoc. Orthod. 2009, Vol. 21. No. 1
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advantage of the regional accelerated phenomenon, which

lactated the rats with calcium-deficient diet and compared

lasts only 3 to 4 months. The rate of tooth movement then

the effects with control group of rats which were on

returns to normal once the bone has sufficiently healed.

normal, nonlactating diet. The test group had faster rate of

Proponents contented that teeth can be expanded with this

tooth movement than the control.15 The difference in the

technique into new bone that grew with the bone

rate of movement was attributed to the increased rate of

augmentation. They claim no adverse sequelae, no root

bone turnover and decreased bone density.16

absorption, periodontal pockets, loss of vitality, or bone
loss.

Soma S. Matsumoto and S. Higuchi Y conducted a
study by increasing the residence time of parathyroid

12

hormone (PTH) in the injected area in rats. They used
methylcellulose (MC) gel (2% W/V) for a slow-release

ESTROGEN

formulation of PTH. MC gel containing PTH (PTH-MC)
Estrogen is considered to be the important hormone

continuously released active PTH into the acceptor

to affect bone metabolism in female. It affects bone

medium for more than 72 hrs in vitro. When male rats

remodeling during reproductive life. The effect of

received a local injection of P TH -M C into the

estrogens on bone tissue results from the decrease of the
rate of bone resorption. Estrogen withdrawal, which
13

plays vital role in the pathogenesis of post-menopausal
osteoporosis accelerates bone metabolism with a negative
calcium balance. T. Yamashiro and T. Takano-Yamamoto
studied estrogen withdrawal effects. Six-week-old rats
received a bilateral ovariectomy (OVX) or sham
operation. Fourteen days later, rats were subjected to
lateral tooth movement in the upper molar with nickeltitanium wire of 10gms of force. OVX significantly
increased the rate of experimental tooth movement from
12 days after experimental tooth movement. Eighteen
days after the start of tooth movement, bone
histomorphometry demonstrated that OVX significantlyelevated the osteoblast surface, osteoclast surface, and
number of osteoclasts in the alveolar bone. They
concluded that the estrogen deficiency cause significantly
rapid orthodontic tooth movement, and the acceleration of
tooth movement could be due to the further activation of
alveolar bone turnover.14

subperiosteum in the mesio-palatal region of the maxillary
first molar (M1) every other day, M1 movement, which
was mesially drawn by an orthodontic coil spring attached
to the maxillary incisors, was accelerated in a dosedependent manner. PTH-MC injection at 1 mg/400 g body
weight caused a 1.6-fold increase in the rate of tooth
movement. The acceleration of tooth movement by PTHMC injection was marked on days 6, 9, and 12. Local
injection of PTH dissolved in saline without MC did not
significantly accelerate tooth movement on day 6 or later.
Histological examination revealed active osteoclastic bone
resorption and a widened periodontal space on the
compression side of the periodontal tissue in the PTHMC-injected rats. These results suggest that local injection
of PTH in a slow-release formulation probably is
applicable to orthodontic therapy and the dosage of
parathyroid hormone should be monitored carefully.17

DISTRACTION OSTEOGENESIS
Distraction osteogenesis is the process of growing

OSTEOPOROSIS AND PARATHYROID
HORMONE
In 1984, Goldie and King enhanced tooth movement
after creating an osteoporotic condition in rats. They
J. Taiwan Assoc. Orthod. 2009, Vol. 21. No. 1

bone through a surgical cut (osteotomy) by stretching the
soft tissue callus. Physeal distraction is the process of
stretching the epiphysis in long bones (no osteotomy).
Sutural distraction is the process of stretching patent
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craniofacial sutures (no osteotomy). Distraction

from the native alveolar bone 3 months after distraction.

osteogenesis was used as early as 1905 by Codivilla and

This method would reduce total treatment period for

was later popularized by the clinical and research studies

several months.2,19-21,25

of Ilizarov in Russia. 18 Distraction osteogenesis was
performed in the human mandible by Guerrero in 1990
and Mc Carthy et al in 1992. Since then, it has been
applied to various bones of the craniofacial skeleton. Liou
et al in 2000 stated,“Orthodontic tooth movement is a
process in which a mechanical force is applied to induce
alveolar bone resorption on the pressure side and alveolar
bone deposition on the tension side. On the tension side,
the periodontal ligament is stretched (distracted) followed
by alveolar bone deposition (osteogenesis). The
periodontal ligament is a‘suture’between bone and
tooth. The process of osteogenesis in the periodontal
ligament during orthodontic tooth movement is similar to
that in the midpalatal suture during rapid palatal
expansion or to that in the midface sutures in the growing
animal during midface distraction. The major difference is
the rate of osteogenesis.”Roberts denotes Orthodontic
tooth movement is a form of distraction and refers it as
orthodontic induced periodontal osteogenesis.19,20
The regular rate of orthodontic tooth movement
during canine retraction is about 1 mm per month. Liou in
1998 developed rapid canine retraction and coined it as
dental distraction. The procedure involved undermining
the interseptal bone distal to the canine with a bone bur,
grooving vertically inside the extraction socket along the
buccal and lingual sides and extending obliquely toward
the socket base, after first premolar extraction. Then, a
tooth-borne, custom-made, intraoral distraction device
was placed to distract the canine distally into the
extraction space. The result of this method facilitated the
canine distal movement and shorten the treatment period.
Both the upper and lower canines were distracted bodily
6.5 mm into the extraction space within 3 weeks. New
alveolar bone was generated and remodeled rapidly in the
mesial periodontal ligament of the canine during and after
the distraction. It became mature and indistinguishable

40

CORTICOSTEROID
Karin and Soulhard in 1992 studied the effect of
corticosteroid on orthodontic tooth movement. Sixteen
3-month-old New Zealand white rabbits were divided into
four equal groups, two treatments and two controls. All
treatment rabbits were administered daily injections of 15
mg/kg cortisone acetate for 4 days before and during the
experimental period. An orthodontic appliance having a
mesial force of 4 ounces was placed on the maxillary left
first molar of all animals. For all groups, measurements of
active tooth movement were made after 4, 7, 11, and 14
days. For two of the groups, appliances were removed on
day 14, and additional measurements of relapse were
made through day 21. With the use of radiodensitometric
readings of the humerus bone and histology of the
maxilla, osteoporosis was demonstrated in the treatment
animals. Mean incremental and cumulative active tooth
movement was three to four times greater in the treatment
rabbits than in the controls. The treatment group in which
relapse was measured demonstrated 100% relapse on day
18, whereas the control group relapsed at a much lesser
rate through day 21 and never achieved 100% relapse.
Histological findings appeared to support tooth movement
results. The results of this study indicate that rabbits
suffered corticosteroid-induced osteoporosis undergo
significantly more rapid orthodontic tooth movement and
subsequent relapse than control animals.22,23
Yamane, Fukui and Chiba in 1997 of Japan also
studied β-aminopropionitrile (BAPN) and hydrocortisone
effect on tooth movement. They injected BAPN (300mg/
kg/day) or hydrocortisone (10 mg/kg/day) for a period of
7 days. After drug administration, the animals were
sacrificed and the mandibles dissected. The jaw was then
held under a stereomicroscope with a haemostatic clamp
J. Taiwan Assoc. Orthod. 2009, Vol. 21. No. 1
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and an elastic band was inserted between the first and
second molars. The movements of reference points on the
occlusal surfaces of the first and second molars were
recorded for 20 hours using a time-lapse videotape
recorder. Mesiolingual movement of the first-molar and
distobuccal movement of the second molar were observed.
During the experimental period, the greatest amount of
total tooth movement in the first and second molars was
seen in the group pretreated with BAPN, less movement
was observed in the control group, and the group
pretreated with hydrocortisone exhibited the least amount
of movement. The highest rates of tooth movement were
observed during the initial hour in each of the groups, and
decreased thereafter. The initial rates of movement were
also greatest in the BAPN group, less in the control group,
and least in the hydrocortisone group. These results
indicate that treatment with BAPN accelerated
experimental tooth movements in vitro and hydrocortisone
treatment inhibited the movements.24

VASCULAR ENDOTHELIAL GROWTH
FACTOR
Vascular endothelial growth factor (VEGF) is an
important and essential mediator for angiogenesis. In
orthodontic tooth movement and the related tissue
remodeling are achieved by osteoclastic bone resorption
and osteoblastic new bone formation and deposition. The
number of osteoclasts was increased by the injection of
recombinant human VEGF (rhVEGF) with the application
of mechanical force for experimental tooth movement and
the expression of VEGF was detected in osteoblasts on the

MAGNETIC FIELD
The magnetic force is seldom used in orthodontic
treatment. Magnetic fields are part of the electromagnetic
spectrum and can be divided into nonionizing, static and
time-varying fields. Initially, certain time-varying fields
(dB/dt), induced by inductive and capacitive coupling and
possibly functioning through a biologic window,
demonstrated an accelerated rate of osteogenesis, and the
magnetic component of certain time-varying inductive
electromagnetic fields may be a large contributor to the
accelerated osteogenic rate in nonunion fracture repair.
Several invitro and invivo studies demonstrate evidences
that certain static magnetic fields may stimulate
osteogenesis. Furthermore, some studies claim that a
combination of time-varying and static magnetic fields
enhanced the rate of Ca 2+ diffusion through the cell
membrane by a hypothesized mechanism involving ion
cyclotron resonance. Other effects also noted was an
increased rate of bone turnover due to the consequence of
resonance conditions. In orthodontics, static permanent
magnetic fields have been used advantageously for force
application, like distal movement of canine. Basic
research originally suggested that the cellular bilayer
membrane was the most probable site for the initial
transduction of the correct magnetic field. This signal
could be amplified across the membrane, resulting in an
accelerated phosphorylation of specific enzymes, which
were responsible for activating proteins, which then
accelerated certain cellular functions for which targeted
cells were normally programmed.27

tension side of the alveolar bone. The study by Kohno et
al in 2003, suggested that VEGF, was highly expressed by
mechanical stimulation, and enhances the number of
osteoclasts as a paracrine factor. The amount of tooth
movement is accelerated by both endogenous VEGF and
injected rhVEGF.26
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ADRENALINE
In 1997, Tsurumiku and Yokohama in Japan
conducted several studies with adrenaline. They injected
0, 0.01, 0.1, 1, or 10 ug/kg of adrenaline, noradrenaline or
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isoprenaline in blood vessel of rat and measured arterial

changes induced by systemic factors such as osteoporosis,

blood pressure after axial tooth movements. They found

or the use of drugs, play an important role in regulating

adrenaline caused a dose-dependent, rapid, extrusive tooth

the rate of tooth movement. Certain pharmacological

movement with a nearly simultaneous increase in blood

agents that affect bone tissue metabolism can influence

pressure. On the contrary, they found a marked intrusive

the velocity of tooth movement. Parathyroid hormone,

tooth movement combined with a decrease in blood

corticosteroids, vascular endothelial growth factor and

pressure. Noradrenaline caused a dose-dependent, rapid,

adrenaline can enhance orthodontic tooth movement.

extrusive tooth movement and an increase in blood

The decrease in estrogen may have the same effect.

pressure, but a subsequent intrusive tooth movement and

Others like corticotomy, using RAP, magnetic field, or

decrease in blood pressure were not so marked.

low-friction bracket system are few ways to shorten

Isoprenaline caused a marked intrusive tooth movement

orthodontic treatment period. The aforementioned ways

and a decrease in blood pressure, without an extrusive

leads the clinician to faster orthodontic tooth movement.

tooth movement and increase in blood pressure. After

Some methods are confined to animals and some do

tooth intrusive movement cause the maximum decrease in

show systemic effects. If these untoward effects can be

blood pressure, the time required to reach the maximal

overcome than the day is not too far when orthodontic

movement was delayed. The recovery time of the intrusive

tooth movement is no longer considered as painstakingly

tooth movement was much more delayed than that of

long procedure.

blood pressure. The extrusive movement of the rat incisor
was related to the rise of arterial blood pressure due to
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加速矯正治療移動牙齒之可能性
劉育佳．柯雯青．劉人文．白健蓉
台北長庚紀念醫院顱顏齒顎矯正科

矯正治療日趨普及，一般接受治療病患可能將不僅僅滿足於美觀、無不舒服感覺而已，可能更要求
縮短治療時間。行之已久的矯正治療一般來說可能需2年的時間，如何減少這治療期間、加速牙齒移動
速率為本文回顧的方向，文中列舉出從corticotomy、賀爾蒙變化、類固醇藥物、甚至是磁場等變化對牙
齒移動速率的影響，雖然很多仍處於實驗階段、很難實際運用，但至少這是一個方向值得我們去深思、
探討。 (J. Taiwan Assoc. Orthod. 21(1): 37-44, 2009)
關鍵詞：矯正、加速移動
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